In understanding the composition and internal structure of asteroids, their density is perhaps the most diagnostic quantity. We aim here to characterize the surface composition, mutual orbit, size, mass, and density of the small main-belt binary asteroid (939) Isberga. For that, we conduct a suite of multi-technique observations, including optical lightcurves over many epochs, near-infrared spectroscopy, and interferometry in the thermal infrared. We develop a simple geometric model of binary systems to analyze the interferometric data in combination with the results of the lightcurve modeling. From spectroscopy, we classify Ibserga as a Sqtype asteroid, consistent with the albedo of 0.14 +0.09 −0.06 (all uncertainties are reported as 3-σ range) we determine (average albedo of S-types is 0.197 ± 0.153, see Pravec et al., 2012, Icarus 221, 365-387). Lightcurve analysis reveals that the mutual orbit has a period of 26.6304 ± 0.0001 h, is close to circular (eccentricity lower than 0.1), and has pole coordinates within 7
Introduction
Of the many properties that describe an asteroid, there is perhaps no quantity more fundamental to understand its composition and internal structure than its density. With the exception of the fine-grained dust returned from asteroid (25 143) Itokawa by the Hayabusa spacecraft (Nakamura et al. 2011) , our knowledge on the mineralogy of asteroids has been derived from remote-sensing photometry and spectroscopy in the visible and near-infrared, radar polarimetry, and comparison with meteorites studied in the laboratory (e.g., Shepard et al. 2008; Vernazza et al. 2010) . These observables, however, tell us about surface composition only, which may or may not be reflective of the bulk composition of the body. The bulk density of meteorites spans a wide range, from the low-density (ρ ∼ 1.6 g.cm −3 ) primitive CI carbonaceous chondrite to the dense (ρ ∼ 7.4 g.cm −3 ) Hexahedrite iron meteorites (see, e.g., Consolmagno and Britt 1998; Consolmagno et al. 2008 , for meteorites density measurements). Comparison of asteroid bulk density with meteorite grain density provides a crude, yet useful, tool in the investigation of their bulk composition. This is particularly valuable for taxonomic types devoid of characteristic absorption bands in their spectrum, for which the analog meteorites cannot be ascertained otherwise.
For asteroids with known surface mineralogy and analog meteorite, the density even allows us to make inference on the internal structure of the body. By comparing the grain density of the surface material to the bulk density of the asteroid, we can detect the presence of denser material below the crust, like in the case of (4) Vesta (Russell et al. 2012) , or the presence of large voids, called macroprorosity, as for the rubble-pile (25 143) Itokawa (Fujiwara et al. 2006) . A recent comprehensive analysis of volume and mass determinations of about 300 asteroids has revealed clear differences of density and macroporosity among taxonomic types, together with different trends with size and orbital populations (Carry 2012 ). This sample is, however, still limited in number and the precision of the majority of these estimates remains cruder than 50% (1-σ cutoff) .
In our quest for asteroid masses, the study of binary systems has been the most productive method (Carry 2012) . Spacecraft encounters provide the most precise mass determination (at the percent level, e.g., Pätzold et al. 2011 ), but they will always remain limited to a few objects, while studies of orbit deflections during planetary encounters provide numerous mass estimates with limited precision (often above 50% relative accuracy, see Zielenbach 2011; Kuchynka and Folkner 2013, for instance) . With more than 200 binary systems known, and more discoveries announced almost monthly, the study of mutual orbits can provide numerous mass determinations. For large separation binaries, where the companion can be imaged and tracked along its orbit (e.g., Merline et al. 1999; Marchis et al. 2005; Descamps et al. 2011; Carry et al. 2011; Vachier et al. 2012, among others) , the mass can be determined to a high precision, typically about 10-15% . For the small binaries, detected and studied by the signature of mutual eclipses and occultations in their lightcurves, the density can be indirectly determined without measuring the absolute size nor mass of the objects (e.g., Pravec et al. 2006 Pravec et al. , 2012b . This, however, requires to assume the same bulk density for both components (e.g., Scheirich and Pravec 2009 ), which may be problematic if these small-sized binaries are formed by rotational breakup (Walsh et al. 2008) . The accuracy reached with this method can range from a few percent to 100% depending on each system .
We present here a suite of observations of the small main-belt binary asteroid (939) Isberga (orbital elements: a=2.246 au, e=0.177, i=2.588 • ) aiming at determining its surface composition, mutual orbit, mass, diameter, density, and macroporosity. We describe in Section 2 the different methods of observation we use, we present the analysis of the surface composition of Isberga in Section 3 and of the physical properties of the system in Section 4. 
Observations and data reduction

Optical lightcurves
The binarity of Isberga was reported by Molnar et al. (2008) from optical lightcurves obtained over 6 nights in 2006 at the Calvin-Rehoboth Observatory. The rotation period of the primary and the orbital period for the satellite were determined to 2.9173 ± 0.0003 h and 26.8 ± 0.1 h. We report observations carried out during 2 nights from the 2008/2009 opposition, 43 nights in 2010, 54 nights in 2011, and 2 nights in 2012. We provide a detailed list of all the lightcurves with ancillary information in Table 1 . A subset of the lightcurves is plotted in Fig. 1 , showing evidences for mutual events.
As many observers acquired lightcurves of Isberga, we do not go here into the specifics of the data reduction and photometry measurements used by each. Standard procedures were used to reduce the data, including bad pixel removal, bias subtraction, and flat-field correction. Aperture photometry was used to measure the relative flux of Isberga with surrounding stars and build its lightcurves. In lightcurve decomposition, the magnitude scale zero points of individual nights (sessions) were taken as free parameters. Their uncertainties were generally less than 0.01 mag and we checked by experimenting with them that they did not add a significant uncertainty in subsequent modeling of the system, and we did not propagate them there.
Near-infrared spectroscopy
To constrain the surface mineralogy, we acquired a nearinfrared spectrum of Isberga on 2011, August the 22 nd , at a phase angle of 28
• , as part of the MIT-Hawaii-IRTF joint campaign for NEO reconnaissance (Binzel et al. 2006 Facility at the Mauna Kea Observatory. We used the instrument SpeX (Rayner et al. 2003) , a near-infrared spectrograph in low resolution mode over 0.8 to 2.5 µm. Isberga was observed near the meridian (airmass < 1.3) in two different positions, here denoted A and B, on a 0.8 × 15 arcsecond 2 slit aligned north-south. Exposure times were 120 seconds, and we measured 4 A-B pairs. Solar analog stars were observed at similar airmass throughout the night to correct for telluric absorption. We used the same set of solar analogs as the SMASS program (Binzel et al. , 2006 ) that have been in use for over a decade.
Data reduction and spectral extraction were performed using the Image Reduction and Analysis Facility (IRAF, Tody 1993) provided by the National Optical Astronomy Observatories (NOAO). Correction in regions with strong telluric absorption was performed in IDL using an atmospheric transmission (ATRAN) model by Lord (1992) . More detailed information on the observing and reduction procedures can be found in Rivkin et al. (2004) and DeMeo and Binzel (2008) . We present the resulting spectrum of Isberga in Fig. 2. 
Mid-infrared interferometry
Mid-infrared interferometry can provide direct measurements of the angular extension of asteroids (Delbo et al. 2009; Matter et al. 2011 Matter et al. , 2013 . We used the MID-infrared Interferometric instrument (MIDI) of the Very Large Telescope Interferometer (VLTI), combining two of the 8.2 m Unitary Telescopes, UT1 and UT2, with a baseline separation of 57 m, providing a high angular resolution of λ 2B ≈ 0.02 ′′ at λ ≈ 10 µm, corresponding to about 10 km projected at the distance of Isberga at the time of observation. MIDI records the interference fringes between two beams of incoming light, which gives access to the complex degree of coherence (or complex visibility) between the beams. This complex visibility is the Fourier transform of the object brightness distribution on the plane of the sky, stacked along the baseline direction and sampled at the spatial frequency B/λ, where B is the baseline vector. In this work, we focused on the correlated flux observable, which is the modulus of the complex visibility.
Fringes on Isberga were acquired at three observing epochs in visitor mode on 2011, October the 6 th , and at four observing epochs in service mode on 2011, October the 10 th (Table 2) , following the observing procedure of Leinert et al. (2004) . The fringes were dispersed using the prism of MIDI, which provides a spectral resolving power of λ/∆λ ≈ 30 at λ = 10 µm. One correlated flux measurement, dispersed over the N-band (from 8 to 13 µm), was obtained for each observing epoch. Our observations also included a photometric and interferometric calibrator star, HD 15396, to determine the atmospheric and instrumental transfer function. Our calibrator was chosen to be angularly unresolved, and to have a minimum angular separation with the source (≈3
• ) and a similar airmass (see Table 2 ). The correlated flux measurements of (939) Isberga were extracted using the data reduction software package EWS (Expert WorkStation, see Jaffe 2004, for a detailed description). Using the closest calibrator observation in time, calibrated correlated fluxes of (939) Isberga were obtained by multiplying the ratio target/calibration star raw correlated flux counts by the absolutely calibrated infrared flux of the calibrator (see Matter et al. 2011 Matter et al. , 2013 , for a complete description of the data reduction and calibration procedure).
Uncertainties on the correlated flux are estimated considering two contributions. First, a short timescale effect (much shorter than typical observations of ≈2 min), dominated by photon noise from the object and thermal background emission. This statistical uncertainty is estimated by splitting a complete exposure, consisting of several thousand of frames and leading to one correlated flux measurement, into five equal parts and by deriving their standard deviation for every spectral channel. Second, the slow variations in the flux transmission of the atmosphere and/or variations of the thermal background can introduce offsets between repeated observations across the night.A rough estimate of this offset-like contribution is obtained by calibrating each correlated flux measurement against all the calibrators of the night, and then computing the standard deviation (see Chesneau 2007 ). Such estimate was only possible for the three measurements of 2011, October the 6 th where the error bars correspond to the quadratic sum of these two sources of uncertainty.
The four fringe measurements on 2011, October the 10 th were acquired over a period of 15 minutes with only one calibrator observation. Since this is short compared to the estimated rotation and orbital period of Isberga of 2.9 h and 26.8 h respectively, the system apparent geometry, which dominates the data compared to, e.g., putative surface composition heterogeneity, did not change. We thus averaged the four observing epochs to reduce the statistical noise. Assuming that the averaging process also removed the possible offsets affecting the Table 2 . The best-fit solution of binary model (F B ) is also plotted as a solid blue line. Right: Corresponding geometry of the system on the plane of the sky. The red line represents the projected VLTI baseline, the black ellipse Isberga, the black disk its satellite, and the black circle the projection of the satellite on the baseline.
four measurements, the corresponding error bars only include the "averaged" short-term statistical error contribution. Fig. 3 shows the four measurements resulting from the seven initial individual MIDI measurements listed in Table 2 .
Surface composition
We use the Virtual Observatory (VO) service M4AST 1 (Popescu et al. 2012 ) to analyze the near-infrared reflectance spectrum of Isberga shown in Fig. 2 . It presents two broad absorption bands centered at 0.95 ± 0.01 and 1.91 ± 0.01 µm, tracers of olivine and pyroxene assemblages. We classify Isberga as an S-or Sq-type asteroid (in the classification scheme by DeMeo et al. 2009 ), the main class in the inner part of the asteroid belt Carry 2013, 2014) . We also use M4AST to determine the degree of space weathering presented by Isberga's surface, following the space weathering model by Brunetto et al. (2006) , valid for pyroxenes and olivines (see, e.g., Brunetto et al. 2007; Vernazza et al. 2009; Fulvio et al. 2012 ). In this model, the effect of space weathering is a multiplicative exponential continuum written as Ke (C S /λ) . This model is based on many laboratory experiments on ordinary chondrites and mimic the effect of space weathering on lunarlike surfaces (increased spectral slope and decreased albedo, see Sasaki et al. 2001; Chapman 2004; Strazzulla et al. 2005 , among others). Space weathering trends are more subtle and complex for asteroids within the S-complex, owing to the different compositions it encompass (Gaffey et al. 1993; Gaffey 2010) , albeit spectral reddening is consistent.
1 http://m4ast.imcce.fr/ We determine a reddening strength of C S = -0.6 µm, a value similar to, e.g., (158) Koronis (measured with M4AST on the near-infrared spectrum by Burbine and Binzel (2002) obtained at a phase angle of 19
• ) and corresponding to significant weathering (responsible for the higher spectral slope of Isberga compared with the average Sq-class of DeMeo et al. (2009) in  Fig. 2 ). The spectrum of Isberga was however obtained at a large phase angle of 28
• (Sec. 2.2), and part of the reddening may be caused by the observing geometry. Spectral observations of Isberga at visible wavelengths and small phase angle will help refine its taxonomic classification and state of space weathering.
We determine a visible geometric albedo of p V = 0.14
2) which is lower, yet consistent, than the average albedo of asteroids in the S-complex (0.197 ± 0.153, see Pravec et al. 2012a , for values based on WISE mid-infrared surveys) and corresponds to the first quartile of all Bus-DeMeo Scomplex asteroids (based on Fig. 6 by Mainzer et al. 2011) . We finally search for the best-fit (M4AST χ 2 match) meteorite in the Relab spectral database to Isberga spectrum, corrected from the reddening (either due to the phase angle or space weathering. Ordinary chondrites provide the most-promising candidates, as to be expected from the Sq-type classification, and the best-match is found for the H4 Sete Lagoas (sample MH-JFB-021).
Mutual orbit: size, mass, and density
We describe here the different steps that lead to the determination of the geometric properties of the binary Isberga, e.g., component diameter ratio, semi-major axis of the orbit, absolute size.
Lightcurve analysis and orbit determination
We model the system using the method described in Scheirich and Pravec (2009) , modified to allow for precession of the orbit's pericenter. For the modeling, the optical lightcurves were reduced using the technique described in Pravec et al. (2006) . In particular, the rotation-induced lightcurve of the primary was fitted using Fourier series and subtracted from the data. The shapes of the components are modeled as ellipsoids, an oblate spheroid for the primary (A 1 = B 1 > C 1 ) and a prolate spheroid for the secondary (A 2 > B 2 = C 2 ), and approximated by polyhedra with triangular facets, orbiting each other on Keplerian orbits. We assume same albedo and density for both components. This assumption is required to translate the unknown mass and diameter ratio of the components into flux ratio (see Scheirich and Pravec 2009) . Depending on the formation scenario, the satellite's density may however be different from that of the primary: underdense for ejecta re-accumulation or over-dense for ejected boulder (unlikely here given the sizes of Isberga and its satellite). The secondary is moreover assumed to be spin-orbit locked, its long axis aligned with the centers of the two bodies at the pericenter. Finally, spin vectors of both components are assumed to be colinear with mutual orbit pole.
The total brightness of the system as seen by the observer was computed as a sum of contributions from all visible facets, using a ray-tracing code that checks which facets are occulted by or in shadow from the other component. In modeling the eccentric orbit, a precession of the line of apsides was taken into account. A pericenter drift rate depends on primary's oblateness (A 1 /C 1 , see Murray and Dermott 1999, Eq. 6.249 ) that is only poorly estimated from the lightcurves (see Table 3 ), so we fit the pericenter drift rate as an independent parameter (ω).
Its initial values were stepped in a range from zero to 30
• /day; this range encompasses all possible values for the flattening and other parameters of the system. To reduce a complexity of the modeling, the upper limit on eccentricity is estimated by fitting data from the best-covered apparition (2011) only.
The fitted parameters are the oblateness of the primary, expressed as its equatorial-to-polar semi-major axes ratio, A 1 /C 1 ; an elongation of the secondary, expressed as its equatorial (the largest) to polar (the shortest) semi-major axes ratio, A 2 /C 2 ; a ratio between the mean cross-section equivalent diameters of the components of the binary (D 2,C /D 1,C ); the pole coordinates of the mutual orbit in ecliptic frame, L p and B p (Epoch J2000); a relative size of the mutual orbit's semi-major axis (a/D 1,C ); the mean length L 0 (i.e., the sum of angular distance from the ascending node and the length of the ascending node) for a given epoch T 0 ; the sidereal orbit period P orb ; and for modeling the eccentric orbit, the eccentricity e; and an argument of pericenter (ω) as well.
We obtain a unique prograde solution of the mutual orbit. The best-fit model parameters are given in Table 3 , with uncertainties corresponding to 3-σ confidence level (see Scheirich and Pravec 2009 ). The orbital pole coordinates of the system, at a high ecliptic latitude (Fig. 4) , implies a small obliquity of 1.5 +6.0 −1.5 deg. Mutual events are therefore constantly observable from Earth, although the geometry remains limited to the equatorial region, precluding a detailed modeling of the 3-D shape of the primary. We constrain the equatorial axes (A 1 and B 1 ) from the amplitude of lightcurves at low phase angle and find A 1 /B 1 = 1.23 ± 0.02. The oblateness of the primary A 1 /C 1 is, however, loosely constrained, with possible values ranging from 1.2 2 to 2.0. We do not see any evidence 3 for a strong elongation of the satellite (A 2 /C 2 ), even in the long lightcurve observations (6-8 h) that cover a fourth of its rotation period (if it is indeed spin-orbit locked). Examples of the data for the orbital lightcurve component together with the synthetic lightcurve for the best-fit solution are presented in Fig. 5. 
Interferometry analysis and size of the system
To model and interpret the spatial information encoded in the correlated flux, we develop here an extension to the simple model of binary asteroids proposed by Delbo et al. (2009) , where the system was described by two uniform disks. Here, • , centered on these coordinates, see Fig. 4 . b We estimated only an upper limit on the eccentricity from 2011 data. c This is only a formal best-fit value of the elongation of the secondary, a spherical shape is consistent as well.
we model the primary component of the system by a uniform ellipse, thus taking into account the primary ellipsoid shape and rotation. We denote θ α and θ β (with θ α > θ β ) the apparent major axes of the ellipse representing the primary component, and θ 2 the apparent diameter of the secondary component. The two components are separated by the angular distance vector Λ. The correlated flux (F B ) produced by such a binary system is:
where F 1 (λ, θ α , θ β ) is the total flux of the first component, f 21 = (θ 2 / θ α θ β ) 2 is the flux ratio between the secondary and primary components, B is the baseline vector projected on the plane of the sky, and V i are the intrinsic normalized visibilities 4 of each component i, computed as
with J 1 the Bessel function of the first kind of order one, and B the length of the projected baseline on the plane of the sky. However, a complexity has to be included in the derivation of the visibility expression for the primary component that we assumed to be elliptic and not circular anymore. An ellipse can be seen as a disk that is compressed along one of its axis, thus becoming the semi-minor axis, and then possibly rotated to define the semi-major axis orientation. Therefore, the link between the visibility of a circularly symmetric brightness distribution (uniform disk) and of its inclined and rotated version (ellipse), is obtained by a proper change in the baseline reference frame. This change takes into account a rotation followed by a compression Figure 4 : The 3-σ confidence interval for the pole of the mutual orbit of Isberga (grey area) on an ECJ2000 grid, which can be approximated by an ellipse of semi-major axes of 8 • and 6 • , respectively. The north pole of the asteroid's heliocentric orbit is marked with the black cross.
factor along the proper baseline axis (see Berger and Segransan 2007, for more details) . This leads to the concept of effective baseline:
which is the length of projected baseline expressed in the equatorial reference frame rotated by the angle γ, the position angle, counted from North (v coordinates) to East (u coordinates), of the binary separation vector, with
In this rotated frame, the object recovers a circularly symmetric shape and the visibility expression of the elliptic brightness distribution is thus obtained by replacing, in Eq.2, the projected baseline length B (as defined in the initial equatorial reference frame) by the effective baseline length B eff , and θ i by the longest axis θ α .
Owing to the low level of the correlated flux of Isberga, we analyze the four epochs together rather than independently, tying all the parameters (4 for each epoch: θ α , θ β , θ 2 , and Λ) to the effective, i.e., the cross-section equivalent, diameter of Isberga D C . We use the synthetic lightcurve m(t) of the rotation component (see 4.1 and Fig. 1c ) to express the apparent major axes of the primary component at each epoch, θ α (t) and θ β (t), as a function of the cross-section equivalent diameter D C and the primary oblateness A 1 /C 1 . First, assuming that the system is seen equator-on, which is a minor approximation as the latitude of the sub-Earth point is 4
• only, θ β (t) is constant and equals to the polar dimension C 1 . Second, the lightcurve amplitude provides the ratio of equatorial dimensions these definitions, we write the cross-section equivalent diameter as:
where < . > is the temporal mean over one rotation of the primary. Considering that < θ α (t) >= √ A 1 B 1 , we have:
Using
, we find:
With the total flux from the primary F 1 (λ, θ α , θ β ) evaluated using the NEATM (Harris 1998) , the ratio between the component apparent diameters f 21 computed from their physical size ratio of 0.29 (see above, 4.1), and the angular separation Λ provided by the orbital solution, the free parameters are therefore restricted to the effective diameter D C and the oblateness A 1 /C 1 of the primary (see Fig. 3 for a representation of the system configuration at each epoch of observation). All other parameters are determined from these two free parameters. The η parameter is considered constant in our NEATM modeling (using the value of η = 1.211 ± 0.022 from Masiero et al. 2011) .
We search for the best-fit solution by comparing the correlated flux of the model (F B,i ), at each epoch i and for each wavelength j, with the observations (F ′ i ), for D C ranging from 5 to 6 20 km and A 1 /C 1 from 1.2 to 2. The goodness of fit indicator we use is
where N e is the number of epochs, N λ is the number of correlated flux samples at the epoch i, and σ i, j is the uncertainty on the measured correlated flux. We computed a grid of models by scanning D C between 5 and 20 km and A 1 /C 1 between 1.0 and 2.0 (see Section 4.1).
As visible in Fig. 6 , the χ 2 statistics is highly peaked around 12 km along the D C direction, while it is flatter along the A 1 /C 1 direction. The best-fit to the data is thus obtained for a diameter D C = 12.3 ± 0.1 km. Although we can not estimate accurately the quantitative contribution of the model systematics, we expect them to dominate the uncertainty budget and we adopt a more conservative value of D C = 12.3 ± 1.2 km, i.e., a 10% relative accuracy for diameter determination. The low contrast of the χ 2 statistics does not convincingly restricts the range of 1.2 to 2.0 derived from lightcurves (Sec. 4.1), although high oblateness seems to be favored by our modeling, with a formal best-fit value of A 1 /C 1 = 2.00 +0.00 −0.45 derived from a Bayesian analysis of the χ 2 statistics. We present the best-fit model plotted together with the correlated flux and the system geometry in Fig. 3 . Our best-fit solution is in best agreement with the fourth averaged measurement. This is expected given the smaller error bars and thus the stronger weight of this measurement in the fit process. Nevertheless, the best-fit model agrees with the other measurements within their error bars. We can however note a slight discrepancy around 12-13 µm for the first correlated flux measurement.
We use this diameter estimate and the absolute magnitude of 12.18 ± 0.27 we determine following the work by Pravec et al. (2012a) and using observations with Trappist (Table 1) to determine an albedo 5 of 0.14 +0.09 −0.06 . S-type asteroids have higher albedo on average: 0.197 ± 0.153 (Pravec et al. 2012a) . Such a value is, however, within the range of possible albedo of S-types. Masiero et al. (2011) reported a diameter of D W = 10.994 ± 0.067 km and an albedo of 0.21 ± 0.02 based on a NEATM (Harris 1998 ) analysis of WISE mid-infrared radiometry. Taking into account the binarity of Isberga, this converts into a cross-section equivalent diameter for the primary of 10.5 ± 0.1 km, to be compared with our determination. Considering a 5-10% uncertainty on the diameter determined from WISE to encompass possible systematics (see the comparison of diameter estimates from thermal modeling with other methods in Marchis et al. 2006; Carry 2012) , both determinations converge to a ≈11 km surface-equivalent diameter for Isberga. The smaller albedo determined here is due to the larger diameter determination. 5 We use the widely-used formula between the size D, the visible absolute 
Physical properties of Isberga
The results above restrict the primary oblateness A 1 /C 1 between 1.2 and 2.0. Because the density determination from the lightcurve analysis is strongly dependent on this parameter, we fix the oblateness between 1.2 and 2.0 by steps of 0.1 and we determine different density values ranging from 1.89 +0.85 −1.00 to 4.03 +0.60 −1.99 g.cm −3 (3-σ confidence interval). Since the ellipsoidal shape approximation tends to overestimate the volumes of the components, the derived bulk densities should be considered as lower limit estimates. Formally, the 3-σ range for the density is therefore 2.91
. This level of accuracy corresponds to about 40% relative accuracy at 1-σ level. This crude precision is, however, better than that of 45% of all density determinations (see Fig. 3 in Carry 2012). This highlights the yet limited knowledge on asteroid interiors. This density of 2.91
−2.01 g.cm −3 is very close to the typical density of S-type asteroids at 2.72 ± 0.54 g.cm −3 (Carry 2012 ). This density is lower than the grain density of the associated H ordinary chondrite meteorites of 3.72 ± 0.12 g.cm −3 (Consolmagno et al. 2008) . The porosity of Isberga is therefore 22 +54 −22 %, and its macroporosity can be estimated to 14 +66 −14 % (using a microporosity of 7.0 ± 4.9% on H chondrites measured by Consolmagno et al. 2008) .
The internal structure of Isberga thus encompasses all possible, from compact to highly porous. Although the presence of some macroporosity is likely, better constrains on Isberga polar oblateness are required to conclude. From the current census of S-type densities, and the linear trend of asteroids to range from large and dense to small and porous (see Fig. 9 in Carry 2012), it is, however, unlikely that Isberga has a density above ≈3 g.cm −3 . We therefore favor solution with oblateness below 1.5-1.6.
We finally use this density determination to estimate the mass of Isberga and of its satellite: from the primary volume- 
Conclusion
We present the first mid-infrared interferometric observations of a small binary asteroid, (939) Isberga. Together with lowresolution spectroscopy in the near infrared and an extensive campaign of lightcurves, we conduct a complete characterization of the surface, orbital, and physical properties of the system. It is composed by a 13 km S-type primary and a 4 km secondary, orbiting each other in 26 h on a nearly-circular orbit of semi-major axis 33 km, deep inside the Hill sphere. The inferred density of 2.91 +1.72 −2.01 g.cm −3 is typical for this composition, but the large uncertainties prevent from concluding on the internal structure. The system has a low obliquity (1.5 +6.0 −1.5 deg.) and mutual eclipses and occultations are always visible from Earth. More lightcurve observations of the system, in particular with absolute photometric reference, will help constrain better the elongation of the secondary and the eccentricity of the mutual orbit.
The low mid-infrared flux of Isberga, at the very edge of VLTI/MIDI capabilities, precludes an independent analysis of these data. The combined analysis of optical lightcurves and mid-infrared visibilities we present here is, however, an efficient way to derive both relative quantities and absolutely scale the system. Among the many small main-belt binaries, all present similar mid-infrared fluxes (given their temperature and apparent angular size), and more sensitive instruments/modes, like the forthcoming VLTI/MATISSE, must be used to better characterize this population of binary systems. 
